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I. Introduction

This study was done in two phases. Phase I was done during the
period 1983-1985 and analyzed project effects superimposed upon the
historic years 1974 and 1978. Phase II was done during the period 1986-
1988, and analyzed additional historic years. References 1 and 2 are
the results of the Phase I study.

Background of Phase I Study

In August, 1983, the Sacramento District of the U.S. Army Corps of
Engineers contracted with Resource Management Associates to develop and
calibrate a link node hydrodynamic and water quality model capable of
evaluating the effect of deepening the Stockton Ship Channel on the
dissolved oxygen (DO) resources of the San Joaquin River near Stockton.
This project included:

1. Develop a link-node network representation of the
Sacramento~San Joaquin Delta System. The network repre-
senting the Port of Stockton and Ship Channel was suffi-
ciently detailed to provide good spacial definition of the
hydrodynamic and water quality effects of channel deepen-
ing with less detail elsewhere. :

2. Calibrate and validate the hydrodynamic model under Fall
1974 and 1978 conditions.

3. Evaluate effects of ship channel deepening on the
hydraulic characteristics of the Delta channels using the
calibrated model. '

4. Develop a water quality simulation procedure for the link-
node representation of the Sacramento-San Joaquin River
Delta system.

5. Calibrate and validate the water quality model to histori-
cal dissolved oxygen data, using the 1974 and 1978 test
periods.

6. Evaluate the water quality model sensitivity to key input
parameters, such as:

inflow quality

depth of light penetration

water column biochemical oxygen demand (BOD)
benthic oxygen demand

phytoplankton and detritus fluctuations
various reaction rate constants
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7. Evaluate the effects of channel deepening by pefforming
water quality simulation for the two test perjods using
the calibrated model.

8. Estimate the amount of forced aeration required to balance
any reduction in DO levels caused by channel deepening.

‘The results of the Phase I study showed that: |

1. The calibrated hydrodynamic model closely predicted both
the phasing and amplitude of tidal stage within the study
area for both test periods. Reasonable agreement between
the computed and the Department of Water Resources (DWR)
estimated flows at the 01d River-San Joaquin River
bifurcation, the Delta cross-channel and Georgiana Slough
was also obtained. ‘

2. The calibrated water quality model achieved good agreement
between the computed and observed dissolved oxygen levels
of the verification periods.

3. The results of the water quality sensitivity analysis
showed that phytoplankton growth and respiration and water
column BOD and detritus decay were the water quality
parameters which had the greatest influence on oxygen
concentrations in the ship channel. Both the San Joaquin
River and Stockton wastewater facility were major sources
of phytoplankton and detritus while the Stockton treatment
plant (RWNCF) was the major source of BOD.

4. Deepening the ship channel had virtually no effect on
tidal stage or circulation pattern within the Delta. The
only hydraulic effect was to reduce current velocities and
increase the hydraulic residence time in the ship channel
due to the increased channel cross-sectional area.

5. Channel deepening resulted in a slight reduction in oxygen
levels within the Ship Channel.  The reduction was
attributed to decreased net photosynthesis due to a
reduced time spent by phytoplankton in the euphotic zone
and lower reaeration due to greater depths and reduced
channel velocities. The maximum reduction in the oxygen
concentration was less than 0.5 mg/1.

Scope of Work of the Phase II Study

The results of the initial study, discussed above, indicated that
oxygen levels within the ship channel are dependent to a large extent on
the quantity of oxygen-consuming material which enter the ship channel
from the San Joaquin River and Stockton wastewater treatment plant.
Both the 1974 and 1978 simulation periods had net downstream flows
greater than 500 cfs in the San Joaquin River below 01d River which
resulted in significant amounts of oxygen-consuming materials reaching



the ship channel. The net downstream flow was due to significant San
Joaquin River flow at Mossdale, reduced state pumping from Clifton Court
forebay during the 1978 period, and the installation of the 01d Rijver
Barrier during the 1974 period.

During many years net downstream flows are significantly smaller
and net upstreams are not uncommon. Since 1978, the Stockton wastewater
treatment plant has also been upgraded to provide tertiary treatment and
Tfiltration of final effluent. To evaluate project conditions over a
longer time period, the effect of reduced net downstream San Joaquin
River flows, and present wastewater effluent conditions the following
study was undertaken. Other - project objectives included further
validating the model by simulating other hydrologic periods and
evaluating various mitigation measures. For this study, the modeling
approach was modified to incorporate the latest evapotranspiration and
return flows recently developed by the State Department of Water
Resources, and the previously-assumed uniform state water project
pumping rate was replaced by the actual Clifton Court gate operation.
During this study, the following tasks were performed.

1. Make minor modifications to the Tlink-node network to
provide better representation of South Delta hydrodynamics
and to allow simulation of revised South Delta Operation
schemes proposed by the DHR.

2. Simulate several other periods between 1972 and 1987 to
confirm model calibration. '
t
3. Develop a better understanding of the relationship between
pet San Joaquin River flow and dissolved oxygen levels
within the Ship Channel.

4. Determine effects of the deeper Ship Channel on dissolved
oxygen for several other periods between 1972 and 1987.

5. Determine the amount of forced aeration required to
restore the oxygen deficit created by channel deepening.

6. Evaluate effects of various Delta operation plans on Ship
Channel dissolved oxygen.



II. Additional Model Validation

To demonstrate that the model adequately simulates dissolved oxygen
under a wide range of hydrologic and wastewater discharge conditions,
several Fall periods between 1972 and the present were simulated. For
each of these periods, the network shown in Figure II-1 was used. This
network incorporated a more detailed South Delta representation to
better represent variable Clifton Court withdrawals and proposed flow
control structures.

During each period, the measured tide at Antioch was used as the
seaward stage boundary. Average daily flows reported in Dayflow Summary
(3) were used for the San Joaquin, Sacramento and Mokelumne River
inflows and the State Water Project (SWP)}, Central Valley Project (CvP)
and Contra Costa Water District (CCWD) withdrawals. The City of Stock-
ton Regional Wastewater Control Facility (RWWCF) discharges were
obtained from the monthly laboratory reports. The flows for all
simulation periods are presented in the Appendix. Clifton Court
operations were obtained from the states monthly operation report. This
report states those times of the day that water was being withdrawn from
Delta channels. The Clifton Court inflow rate is then computed based on
the differential stage and Clifton Court gate characteristics
Agricultural withdrawals and return flow recently quantified by the DWR
were input for each nede and were interpolated daily based on average
monthly data. These flows are computed for each island based on current
crop and irrigation patterns and then allocated to the individual nodes
based on siphon and pump locations and sizes. '

The water quality at Antioch and in the Sacramento and Mokelumne
Rivers was based on long term averages and was held constant for all
simulations. The assumption of average quality was Jjustified since
yearly variations of the parameters of concern are not large and the
concentration of oxygen consuming material is low relative to that found
in the San Joaquin River and RWWCF effluent. The average San Joaquin
River quality was determined for each period from data collected over
the years by DWR and the U.S. Bureau of Reclamation (USBR). These data
were available on the Environmental Protection Agencies (EPA) STORET
system.  Agricultural return water quality was based on one set of
measurements taken by the DWR during the Spring of 1987. The return
water quality data were limited to total organic carbon which was used
to set the detritus and phytoplankton concentration in the return flow.
The remaining inflow parameters were based on typical agricultural
return quality and the San Joaquin River quality which has a large
component of return water. The remaining return water quality
parameters were set to typical values for the San Joaquin River which
contains a large component of return water. The City of Stockton RWWCF
laboratory reports were used to determine the average wastewater
effluent quality for each simulation period. The inflow water quality
data used for each period is summarized in Table II-1, No other waste
loads to the Delta were considered.
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Hourly meteorological conditions for the period 1973 through 1981
were generated from climatological data from the Class "A" station at
Stockton's Metropolitan Airport. Following 1981, insufficient data were
reported to justify generating hourly data. For 1972 and the years
following 1981, the 1973-1981 record was averaged to provide a typical
meterological data record at 3 hour intervals for each simulation day.
Hydrodynamic model validation was performed using the new network for
1974 and 1978 periods. The tidal’stage computed using the new network
was essentially same as those computed in the Phase I study. Refer to
the Phase I report for a description of the hydrodynamic wmodel
calibration.

During the water quality model validation phase, minor adjustments
were made to a few of the model parameters reported in the previous
study. These adjustments were required to obtain a better fit between
the simulation results and observed oxygen levels for the years since
1978. The coefficients used for all siqylations are listed in Table II-
2. A benthic oxygen demand of 1 g/m“/day was assigned to the Ship
Channel since low current velocities may allow accumulation of
degradable bottom sediments. As in the Phase I study, zooplankton
grazing of algae was not considered- Zooplankton grazing would reduce
the phytoplankton concentration, however, oxygen uptake due to
zooplankton respiration and decay of zooplankton excrement would not
differ greatly from that of the consumed phytoplankton. The effects of
zooplankton grazing on the net algae growth rate is reflected in the
maximum algae growth rate. The depth of 1% light penetration was held
constant at 1.5 meters throughout the Delta for all simulations.

During 1972, 1974, 1979, 1981 and 1984 the 01d River closure was in
place for all or a portion of these simulation periods. The closure,
which is designed to increase net downstream flow in the San Joaquin
River past Stockton, was represented in the model by a broad crested
weir. The width and elevation of the weir crest was adjusted to obtain
the flow split estimated by the DWR. During the quality simulation,
small adjustments were made to the computed net downstream flow in the
San Joaquin River. These adjustments, which were only a small fraction
of the peak intertidal flow, resulted in a net downstream flow equal to
those estimated by the DWR for the closure period and equal to those
computed using the nomograph to determine "Flow Distribution at Head of
01d River" developed by the DWR. These adjustments were made such that
the flow continuity within the Delta was maintained.

1972 Validation Period

The period of September 12 through October 15 was selected for the
1972 validation period. This period encompasses both pre- and post-O1d
River closure conditions. The closure, which was represented as a broad
crested weir having a width of 26 feet and a crest elevation of -0.5
feet, was installed near the end of September. During this period, San
Joaquin flow at Vernalis ranged between 1540 cfs to 2320 and combined
exports averaged approximately 7000 cfs. Prior to the installation of
the 01d River barrier, the simulated net flows in the San Joaquin River
below 01d River were near zero. Following installation of the barrier,

7



Table II-2. Chemical,

Coeff1c1ents

Physical and B1o]og1ca1

Typical
Range Calibrated
Coefficient (4,5,6) Value

Nitrogen fraction of phytoplankton .02-.09 0.080
Phosphorus fraction of phytoplankton .005-.012 0.012
Nitrogen fraction of detritus .02-.09 . 0.080
Phosphorus fraction of detritus .002-.012 ~0.012
Settling rate for Algae 1, M/day 0-2 0.500
Settling rate for Algae 2, M/day 0-1 0.150
Detritus settling rate, M/day 0-2 0.250
BOD decay rate, 1/day .1-.3 . 0.160*
Detritus decay rate, 1/day .001-0.05. 0.050*
Ammonia decay rate, 1/day .04-0.2 0.080*
Coliform die off rate, 1/day .5-3. 1.000
Temperature adjustment for BOD decay 1.03-1.06 1.047
Temperature adjustment for ammonia decay 1.02-1.03 1.022
Temperature adjustment for coliform die off 1.03-1.06 1.040
Temperature adjustment for detritus decay 1.02-1.04 1.025
Ratio of oxygen uptake to ammonia decay 4.6 4.600
Ratio of oxygen uptake to detritus decay 1.2-2.0 1.600
Ratio of oxygen production to phytopYankton

photosynthesis 1.6 1.600
Ratio of oxygen uptake to phytop]ankton

respiration 1.6 1.600
Light extinction coeff. for detritus, I/M x mg/1  .01-.25 0.200
Light extinction coeff. for algae, 1/M x mg/1 .15-.25 0.200
Maximum growth rate for Algae 1, 1/day 1.-3. 2.000
Maximum growth rate for Algae 2, 1/day 1.-4. 2.500
Respiration rate for Algae 1, 1/day .05-.30 0.150*
Respiration rate for Algae 2, 1/day ,05-.30 0.200*
Light haéf saturation for Algae 1 growth,
“kcal/m%/sec .002-.004 0.002
Light ha%f saturation for Algae 2 growth,

kcal/m¢/sec .003-.006 0.006
Nitrogen half saturation for Algae 1 growth, mg/1 .03-.10 0.050
Nitrogen half saturation for Algae 2 growth mg/1 .05-.20 0.200
Phosphorus half saturation for Algae 1 growth

mg/ 1 .02-.05 0.020
Phosphorus half saturation for Algae 2 growth,

mg/1 .03-.06 0.050
Ratio of Chl. a to algal biomass ’ 0.01 0.010
Benthic demand (nodes 11-31), g/m%/day 0-10 1.000

* Values changed from previous study



the computed flow split between the S5an Joaquin and 01d River was 67%
and 33% respectively. These percentages were identical -to those
estimated by the DWR based on flow measurements made on October 5. The
daily predicted flow in the San Joaquin River north of 01d River is
included in the flow data of the appendix.

The results of the water quality simulation for the 1972 period are
shown in Figures II-2 through II-4, Figure II-2 shows computed and
observed oxygen profiles at four times during the simulation period.
The observed data were reported in the 1972 closure report.  Each
profile extends from Prisoner Point at river mile 22 (node 11) up the
ship channel and San Joaguin River to mile 54 {node 58).

The model predicts the magnitude and location of the oxygen deficit
reasonably well considering that mean meteorological .conditions were
used and that inflow quality was held constant for the entire simulation
period.

Figures II-3 and II-4 include time series plots of computed and
observed dissolved oxygen concentration at eight locations in the Ship
Channel. This figure shows how net downstream flow affects the oxygen
concentration at various locations, As the net downstream Tlow
increased due to installation of the barrier, oxygen concentrations
decrease at nodes 19 and 21, remain approximately the same at nodes 23
and 24 and increase dramatically above node 26.

1974 Validation Period

The 1974 simulation period was identical to that used during the
initial study. This period was simulated during the present study to
confirm that the simulation results were not adversely affected by the
new network, revised coefficients, revised agricultural withdrawals and
returns, and the method of accounting for the 01d River closure. (The
closure was represented by increased channel roughness in the initial
study and as a broad crested weir in the Phase II study.)

The quality simulation results are shown in Figure II-5, These
results show that the model reproduces the location and magnitude of the
oxygen sag reasonably well on the two days for which prototype data was
available. Failure of the model to predict the magnitude of the deficit
probably results from the assumption of uniform inflow quality. The
hydrodynamic and water quality results obtained using the revised model
are essentially the same as those obtained during the previous study. A
more thorough discussion of the simulation results for this period can
be found in the Phase I report.

1978 Validation Period

The 1978 simulation period was also identical to that used during
the initial study and was simulated to confirm that the simulation
results were comparable to those of the initial study.
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The latest quality model simulation results are shown in Figure II-
6. These resulis show that the model reproduces the location and magni-
tude of the oxygen sag very well throughout the simulation period.
These simulation results are similar to the results obtained during the
previous study. A detailed comparison of the results achieved during
the two studies show that oxygen levels are reduced slightly near river
mite 26 in the latest simulation.  This reduction is due to the
increased detritus concentration in the Sacramento River. A more
thorough discussion of the simulation results for this period can be
found in the Phase I report.

1979 Validation Period

The simulation period selected for 1979 extended from September 30
through October 25. The closure, again represented as a broad crested
weir having a width of 26 feet and a crest elevation of -1.0 feet, was
in place during the entire period. During this period, the San Joaquin
River flow at Vernalis generally ranged from 2500 cfs to 3000 cfs except
for October 16, 17 and 18, when the maximum flow reached a maximum
sTightly above 4000 cfs. The SWP, CVP and Contra Costa exports remained
fairly constant at approximately 3600, 4000 and 150 cfs respectively.

Simulated net downstream flow in the San Joaquin River below 01d
River ranged between 1250 and 2300 cfs or approximately 60% of the total
San Joaquin River fiow. This percentage is similar to the 58% estimated
by the DWR for October 10, 1979..- -

The 1979 period was the first simulation period following upgrading
of the Stockton wastewater treatment facilities. The decrease in
wastewater loadings to the Ship Channel are reflected in the simulation
results and observed data presented in Figures II-7 and II-8. These
figures show the computed oxygen concentration at six locations along
with observed data reported on the RWWCF laboratory reports. Fairly’
close agreement between the computed and measured oxygen levels was
achieved at all locations.

- A comparison of these observed and computed oxygen levels with
those of the 1972, 1974 and 1978 similation period shows the impact of
the improvements in the RWWCF.

1981 Validation Period

The 1981 period extended from Octaober 1 through October 24 and
included both pre and post Old River closure conditions. The closure
was completed on October 14 and remained in place past the end of the
simulation period. The weir representing the barrier structure had a
crest width and elevation of 26 and -0.25 feet respectively. The
barrier resulted in a flow split of 66% down the San Joaquin and 34%
down 01d River. On QOctober 20, the DWR estimated the net downstream
flow in the San Joaquin River below O1d River during an eight hour
period to be 841 cfs or 64% of the total.
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During the simulation period, river inflows and exports remain
fairly constant. Total exports averaged approximately 6000 cfs and
average Sacramento-San Joaquin River flows were approximately 10000 and
1500 cfs respectively. River flows of this magnitude are lower than
those of normal water years.

The results of the quality simulation are presented in Figures II-9
and II-10. These figures show a time history of computed and observed
oxygen levels at six locations along the Ship Channel. During the first
10 days of simulation a reasonably good representation of the observed
data is achieved. During the final 10 days, however, oxygen levels pre-
dicted by the model were substantially below those reported by the
RHWWCF. Node 19, which is strongly influenced by Sacramento River flow
and quality was the only location where a good representation of
observed conditions was achieved throughout the simulation. The inabil-
ity of the model to predict the rise in oxygen levels near the end of
the simulation period was likely the result of the assumption of uniform
San Joaquin River inflow quality. The average San Joaquin quality used
for this period was based on measurements taken on October 5 and 19. On
October 19, a chlorophyll a measurement of 9.6 g/1 was measured which
was approximately 1/2 of that reporteéd for October 5. The significant
reduction in chlorophyll a is a strong indication of improving water
quality in the river.

1984 Validation Periad

_ The 1984 simulation period extended from September 1 through Octo-
ber 7 and includes both pre and post 01d River closure conditions. The
closure completed on September 8 and remained in place through the end
of the simulation period. The closure was represented by a broad
crested weir having a width of 26 feet and an elevation of -0.2 feet.

At the beginning of the simulation, the San Joaquin River flow at
Vernalis was approximately 2600 cfs. The flow gradually increased and
reached a maximum of 4080 by the end of the simulation period. CVP
withdrawals averaged near 3800 cfs during the first week of the period
and then decreased to approximately 3000 cfs for the remainder of the
period. SWP withdrawals were quite variable during this peried and
ranged from 580 to 3600 with an average of approximately 2000 cfs.

Prior to installation of the 01d River closure, the net San Joaguin
River flow past Stockton was appreximately 400 cfs. Following installa-
tion of the closure, simulated net downstream flow in the San Joaquin
River below 01d River were approximately 70% of the San Joagquin River
flow at Vernalis. This is close to the DWR estimate of 73% which pre-
sumably was based on -current measurement.

The results of the quality simulation are presented in Figures II-
11 through II-13. Figure II-11 shows the computed oxygen levels within
the Ship Channel and San Joaquin River along with measured top and
bottom oxygen concentrations reported in the 1984 DWR closure report.
This figure shows that the model reproduces the location of the sag

18 .
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fairly well on both dates, however, significantly over-estimates the
magnitude on October 6. - ' :

Figures I1-12 and II-13 show computed and observed oxygen levels at
various locations on the Ship Channel during the simulation period. The
observation represents top and bottom concentration and were reported on
the RWWCF 1laboratory reports. Reasonably good agreement between the
computed and observed oxygen levels were achieved at each location
during the simulation. The effects of the 01d River closure on computed
oxygen levels were the most dramatic near the turning basin (nodes 26
and 28). The observation showed a VYess dramatic effect which tends to
indicate that the model may be overly sensitive to net daily flow. The
abrupt change in quality at node 28 may result from underestimating the
effects of intertidal flows. The bulk of the data and simulation
results show that installation of the 01d River closure did little to
improve oxygen levels in the Ship Channel during this period.

Towards the end of the simulation period, observed oxygen levels
were steadily increasing at ail locations. This was likely due to
better quality water entering the system from the San Joaquin River.
The steady increase in observed oxygen levels was not reproduced since
constant inflow quality was assumed in the model. The divergence’
between the computed and observed oxygen levels towards the end of the
simulation explains the overestimate of the oxygen sag on October 6 seen
on Figure II-11. e

1985 Validation Period ) .

The 1985 simulation period extended from September 2 through
September 30. The 01d River closure was not installed in 1985 since
oxygen levels did not reach critical levels.

During the simutation period, San Joaquin River and Sacramento
River inflows remained fairly uniform at approximately 2000 cfs and
11000 cfs respectively. CVP withdrawals were fairly constant and
averaged slightly above 4000 cfs. SWP withdrawals were more variable
and averaged approximately 5500 cfs for the first half of the month and
approximately 3000 for the remainder of the month. During the entire
simulation period the computed net flow in the San Joaquin River past
Stockton was near zero and never exceeded 200 cfs in either direction.

The results of the quality simulation are presented in Figures II-
14 and I1-15. These plots show the computed and observed oxygen concen-
trations at six locations along the Ship Channel. The simulated oxygen
levels match the observations reasonably well at nodes 19, 26 and 28.
At node 19, the water quality appears to be dominated by Sacramento
River water which flow upstream in the San Joaquin River and south
through Turner Cut. At nodes 26 and 28, the water guality appears to be
-controlled by oxygen consuming materials entering the turning basin with
the intertidal flows from the San Joaquin River. Between the turning
basin and Turner Cut, no oxygen consuming loads, other than a small
quantity of agricultural return flows, are considered in the model. As
the simulation progresses, relatively small quantities of oxygen consum-
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ing materials enter this portion of the Ship Channel with the intertidal
flows resulting in higher than observed oxygen levels. These results
would suggest that the intertidal transport may be underestimated in
this portion of the channel or additional sources of oxygen consuming
materials exist in this area. During most years when net flows are
larger, any local inflows would represent a much lower fraction of the
total oxygen consuming loads which enter the ship channel.

27



I11. Effects of Ship Channel Deepening and Mitigation Measures

In the previous study, it was determined that channel deepening had
essentially no effect on tidal stage or phasing nor on channel flow
rates and inter-Delta circulation. Channel velocities, however, were
reduced inversely proportional to the increase in cross section area
since total flow remained the same. The reduced velocities coupled with
increased depth resulted in a decrease in the computed reaeration of up
"to 20%. The hydraulic effects of channel deepening were comparable for
the additional years simulated during this project.

The water quality analysis performed for 1974 and 1978 during the
Phase I project indicated that a channel bottom elevation of 35 feet
would result in a maximum reduction in dissolved oxygen of approximately
0.25 mg/1 when compared with results assuming existing channel geometry.
The previously authorized channel depth was 30 feet. When the computed
oxygen concentration assuming a 30 foot bottom elevation was compared
with the results for a 35 foot bottom, a maximum reduction of approxi-
mately 0.5 mg/1 was computed.

During the present study each simulation period described in
Chapter II was simulated assuming both a 30 foot and 35 foot bottom
elevation. In each case, the maximum computed oxygen deficit resulting
from increasing the depth from 30 to 35 feet was approximately twice the
increase resulting from deepening the channel to 35 feet from existing
channel conditions.

The simulation results presented in Figures III-1 through III-4
show computed oxygen concentration for a 30 and 35 foot bottom elevation
in a typical day during the 1972, 1978, 1979 and 1985 simulation
periods. Results for 6 a.m. and 6 p.m. are plotted to show diurnal
effects. The 1972 and 1978 periods were selected to show the effects of
deepening under high oxygen consuming loads (pre RWWCF upgrade). The
1972 condition shown in Figure III-1 s towards the end of the
simulation period when a significant net downstream flow in the San
Joaguin prevailed. Figure III-2 shows the results for 1978 when net
downstream San Joaquin River flow was approximately half that of the
1972 period. These two figures show that the maximum oxygen reduction
was slightly less than 0.5 mg/1 under both flow conditions.

A similar rationale was used for selecting 1979 and 1985 for demon-
strating the effects of channel deepening. Both of these periods
represent lower oxygen loadings (post RWWCF upgrade) condition, however,
net flow conditions were dramatically different. Figures III-3 and III-
4 show computed oxygen concentration profiles for 30 and 35 foot bottom
elevations on October 22, 1979 and September 17, 1985, when net
downstream San Joaquin River flows equal approximately 1700 cfs and 50
cfs respectively. The different net downstream flows result in
significant different placement of the point of minimum oxygen
concentration, however, the computed oxygen deficit due to channel

28
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deepening was essentially the same. In both cases, the maximum oxygen
deficit due to channel deepening was approximately 0.2 mg/1. -

The size of the oxygen deficit die to. channel deepening tends to be
proportional to the total oxygen deficit relative to saturation. The
proportional decrease in DO results from the greater oxygen demand due
to  increased depth while reaeration decreases slightly. This
relationship is shown on Figures III-5 and III-6. These figures show
the computed oxygen. defjcit due to dredging relative to the computed
oxygen level under 30 foot channel bottom elevation conditions during
the four simulation periods. Each point on the figures represent a time.
and location along the ship channel. During 1979, a strong correlation
between oxygen level and oxygen deficit is observed. The strong
correlation results from the uniform and large net downstream flow con-
dition which prevails throughout the period. The correlation for 1972
is also reasonably good since flows are also reasonably consistent after
the barrier was in place. Considerably more scatter is observed for
1978 when flows were more variable and net downstream flows  were
smaller. During 1985, almost no correlation is observed when many
points in time are considered. This scatter conforms to the assumption
the large net downstream flow in the San Joaquin River contribute to the
good fit observed during the 1979 period. If the deficit is plotted for
a single point in time at several locations, the slope of the fit is
very similar to the slope observed for the 1979 period. This means that
the scatter observed in the 1985 period results from the magnitude of
the oxygen concentration responding to environmental changes while the
relative effect of channel deepening remains relatively constant.

Oxygen Required to Reverse Effects of Channel Deepening

In the previous study, it was estimated that 3400 1bs/day would be
required to reverse the effects of increasing the channel depth by five
‘feet. This estimate was based on results for the 1974 and 1978 simula-
tion periods,

For this study, emphasis was placed on the year which best repre-~
sented existing conditions (i.e., years since RWWCF upgrade). Two simu-
lation periods were selected for detailed analysis. The 1985 period was
selected since it is characteristic of late summer and early fall when
the 01d River closure is not in place and when oxygen problems may begin
to develop in the Ship Channel. The 1979 period was selected to deter-
mine how net downstream flow affects the effectiveness and optimal
location to implement forced reaeration.

The results of the aeration analysis for the 1985 simulation period
are shown in Figures III-7 and III-8. These figures show pairs of com-
puted oxygen concentration profiles for 6 p.m., September 17, 1985. The
lower profile of Figure III-7 shows the effects of channel deepening
(similar to Figure III-4) and the upper profile shows the effect of
adding 850 1bs/day of oxygen to the turning basin (between nodes 28 and
31). Note that the dredged channel profile is dashed in the lower plot
and solid in ali others. Figure III-7 shows that adding oxygen to the
turning basin does little to raise oxygen levels elsewhere in the ship
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channel. Within the turning basin, however, oxygen levels were raised
an average of .65 mg/1. The 850 1bs/day does not compensate for channel
deepening (e.g., channel deepening lowers oxygen levels by 0.2 mg/1 and
aeration raised the minimum concentration by 0.15 mg/1). Figure III-8
shows the effects of adding 1250 1bs/day of oxygen to the Ship Channel
between)nodes 26 and 27 (lower profi}e¥ and between 24 and 27 (upper
profile).

These profiles show that aeration at the point of minimum oxygen
concentration is the most efficient means of increasing the minimum
oxygen level within a channel- reach. The actual increase in minimum
oxygen level was 0.3 and 0.4 mg/1 for the nodes 24-27 and nodes 26-27
cases respectively. A comparison of these values with the 0.2 mg/1 from
the 30 versus 35 foot elevation cases indicates that 625 1bs/day would
be required near the point of minimum oxygen concentration or 833
lbs/day over a longer reach to mitigate the effects of channel
deepening, Placement of forced aeration at the point of minimum oxygen
concentration would also be desirable since most aeration schemes
increase in efficiency as the departure from oxygen saturation
increases.

To determine the effects of net flow on the amount of oxygen
required to compensate for channel deepening, 1979 conditions were simu-
lated. Figure III-9 shows the effects of 1250 lbs of forced aeration
imposed between nodes 24 and 27 and at the point of minimum dissolved
oxygen between nodes 21 and 22. Under these high net flow conditions,
the forced aeration increased the minimum oxygen concentration by
approximately, 0.1 mg/1. Under these flow conditions, approximately 2500
Ibs/day of oxygen would be required to compensate for channel deepening.
The increase in the amount of oxygen required to reverse the deficit is
due to the rate at which the oxygen consuming material is replenished by
the higher net inflow rate.

Effects of Altered Delta Circulation

Both the observed data and simulation results indicate the dis-
solved oxygen levels within the Ship Channel are significantly affected
by net San Joaquin River flow. At the present time, the DWR and others
are considering the possibility of installing flow control devices and
modifying channel geometry to affect improved through-Delta transfer of
water to the CVP and SWP pumps to evaluate how revised Delta circulation
patterns would affect San Joaquin River and Ship Channel water quality.
Two simulations were performed using the 1985 simulation period. This
period was selected because net flows near Stockton were near zero and
the 01d River barrier was not in place.

The first simulation evaluated the effects.of installing a moveable
barrier in the Sacramento River to force more water through the Cross
Delta Channel and down the Mokelumne River. This option is being con-
sidered to reduce the amount of salt which enters the Delta from the
Bay. With the barrier installed, computed net downstream flows in the
Mokelumne River increased approximately 1000 cfs. The oxygen levels
computed for this case, however, were virtually identical to the no
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barrier case results. These simulation results indicate that this type
of through-Delta transfer plan would have little effect on DO in the
Ship Channel and San Joaquin River.

The second simulation evaluated the effects of modifying operation
of the Southern Delta. The plan evaluated included a tide gate struc-
ture in Grant Line Canal to limit flow from node 141 to 142 and moving
the Clifton Court entrance north to node 132. Both of these options are
being considered to raise water levels and improve circulation south and
east of Clifton Court and lower the rate of salt buildup in the southern
Delta. As a result of higher water levels south of Unjon Island, the
net downstream flow in the San Joaquin River would increase. The
computed net downstream flow in the San Joaquin River below 01d River
increased from approximately 200 cfs to approximately 1200 cfs wunder
this plan.

The effects of the increased net downstream flow on computed water
quality assuming a 35' bottom is shown in Figure II1-10. - This figure
shows that oxygen levels are depressed and the point of maximum sag is
forced further downstream with the increased flow and increased amount
of oxygen-consuming materials which enter the Ship Channel from the San
Joaquin River.

In the calibration and validation section of this report, the
probability exists that direct discharge of oxygen consuming materials
to the Ship Channel is underestimated. Larger net downstream flow would
tend to flush the pollutants of Tlocal origin from the Ship Channel,
thereby improving oxygen levels. This beneficial effect is not
reflected in the model results since no nonpoint local sources are input
to the model. The model simulation results, however, show that there is
a potential for adverse quality effects associated with increases ‘in net
downstream flow due to upstream oxygen demands. Therefore, this
potential should be thoroughly investigated prior to installation or
modification of any facility which increases downstream flow in the San
Joaquin River,

A third revision to Delta operation involved the installation of
tide gates near both ends of Honker Cut. This plan, which is not being
considered by any agency, was included only as.a demonstration to show
effects of increasing inflow to the Ship Channel from Fourteen Mile
Slough. By installing tide gates on Disappointment and White Sloughs at
the west end of King Island, tidal flows could be Timited to an easterly
direction (i.e., node 98 to 100 and 99 to 101). This plan was evaluated
using the 1979 simulation period. This year was selected since high net
downstream flows with their high oxygen-demanding load would be diluted
by the Fourteen Mile Slough inflows. The simulation results indicate
that such a system would increase net southerly flow into the Ship
Channel from 14 mile slough from near zero to approximately 600 cfs.
The results of the quality simulation are shown on Figure III-11. The
computed oxygen levels are raised significantly by the higher quality
water originating from the Sacramento River. Such a system would more
than compensate for predicted effects of channel deepening.
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IV. Summary and Recommendations

The results of model validation and calibration demonstrated that
the model adequately represents the hydrodynamic and water quality
responses of the San Joaquin River, Ship Channel and surrounding Delta
under a wide range of hydraulic and inflow conditions. The flow split
between the San Joaquin River and 01d River, which is a critical factor
influencing Ship Channel quality, was well represented. In general,
both the magnitude and location of the oxygen sag in the Ship Channel
was adequately represented. However, the quality model seems to be less
reliable when net flows in the ship channel are near zero. During the
1985 simulation period when net San Joaquin River flows were near zero,
the simulated oxygen sag did not extend as far downstream as was
observed in the field. \Underpredicting the extent of the oxygen sag
could be caused by overlooking waste loads which may be discharged to
the turning basin and Ship Channel, and by computing less than actual
intertidal flows which would carry more oxygen-consuming materials into
the Ship Channel.

The evaluation of the effects of channel deepening indicated that a
linear relationship exists between oxygen deficit caused by the deeper
channel and the magnitude of the oxygen concentration {i.e., the lower
the concentration, the 1larger the deficit). The simulation results
indicated that under present RWWCF discharge conditions, the maximum
oxygen/deficit attributed to channel deepening would be approximately
0.2 mg/1.

The analysis of the location and rate of forced aeration showed
that reaeration at the point of minimum oxygen concentration would be
the most effective. The analysis also showed the amount of oxygen
required to reverse the effects of the deeper ship channel increased as
the net ship channel flow rate increases (i.e., as more poor quality San
Joaquin River water 1is forced to flow past Stockton rather than be
exported via 01d River). The amount of oxygen required to reverse the
effects of channel deepening under present conditions ranged from
apaproximately 625 1bs/day under near zero net flow to approximately
2500 1bs/day when the net downstream San Joaguin River flow approaches
2000 cfs. :

The analysis of proposed Sacramento barrier design to enhance
through-Delta transfer of water to the State and Federal pumps indicated
such a plan would have no significant effect on water quality in the
Ship Channel. Proposed modifications to Southern Delta operations that
increase water levels would result in larger net downstream flow in the
San Joaquin River. " Model results indicate that larger net downstream
flows, with their present phytoplankton 1loads, contribute to Tlower
oxygen levels under some conditions. This conclusion, however, is based
on the assumption that no significant wasteloads are discharged to the
Ship Channel and turning basin. If significant wasteloads are being
discharged, larger net downstream discharges may have a beneficial
effect. The analysis of channel modifications which significantly
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increase net flows into the Ship Channel from Fourteen Mile Slough
showed that such flows could more than.compensate for the oxygen deficit
attributed to channel deepening.

Recommendations

Many of the conclusions reached in the two Stockton Ship Channel
studies could be altered if significant waste loads are being discharged
to the turning basin and Ship Channel. The amount of oxygen consuming
material of local origin would have a significant impact on the analysis
of the effectiveness of increasing net channel flow to improve water
quality in the Ship Channel. Since the observed data seem to indicate
that Tlocal waste loads may be present, it is recommended that a field
program be initiated to identify and measure the oxygen consuming poten-
tial of all discharge to the Ship Channel between mile 32 and the end of
the turning basin.

The quality simulation results indicate that computed intertidal
flow may be less than actual even though tidal stage is reproduced well.
To insure the mass transport due to intertidal flow is being properly
accounted for, it is recommended -a current metering program be initiated
if existing data sets cannot be located. As a minimum, tidal currents
should be measured over an entire mean tide cycle in the San Joaquin
River at Burns Cutoff upstream of the Ship Channel and in the Ship

Channel in the vicinity of mile 35.5 (Light 36).

i
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